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GENTEST

RADIATION PROTECTION PROGRAM

I. Introduction

A. Purpose

It is the policy of Gentest to provide the necessary training, facilities,
equipment, and personnel to maintain levels of radiation exposure to its
employees and to the general public and environment as low as reasonably
achievable. Gen te s t is committed to ensuring tha t radioactive ma terials
are possessed, used, transported, and disposed in accordance with the
cond i tions of its license along with applicable regula tions of the U.S.
Nuclear Regula tory Commission, the Department of Transpor ta tion,- and the
S ta te of Massachuse tts.

B. Radiation Protection Officer's Responsibilities

The Radia tion Protec tion Of ficer is responsible for the following:

(1) The e s ta bli shmen t and continuing review of an adequa te Radia tion
Protection Program.

(2) Compliance with radia tion pro tec tion regula tions p romulga ted by
governmental agencies.

(3) Reviewing proposed uses of radioac tive ma terials.

(4) Advising labora tory supervisors of safe ty requirements for their
la bora torie s .

(5) Providing new and current employees with proper training and
informa tion regarding radia tion health and sa f e ty.

(6) Reviewing reports of infractions of any rules or regula tions and
implementing corrective ac tions.

(7) Maintaining all records as required by the Gentest Radia tion Pro tec tion
Program.

(8) Supplying reports, if necessary, to the Nuclear Regulatory Commission
or to employees as required by 10 CFR 19 and 20.

(9) Supervising any radia tion emergencies or special decontamina tion
procedures.
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II. Radia tion Pro tec tion Program

A. Regis tra tion and Ins truc tion of Radia tion Workers

Prior to working wi th radioac tive ma te rial s , all radia tion workers are:

(1) Given a lecture and hand-ou t ma terial on the mechanics of radioac tivty
and radiation pro tec tion prac tices. Our consul tan ts, Bolton & Galanek,
Inc., will assist the Radia tion Pro tec tion Officer in the training of
radia tion workers (see the a ttached ou tline of the subject ma terial to
covered). Periodic retraining seminars will be held as needed.

(2) Provided with a copy of the Gentest's ra dia tion pro tec tion program as
accep ted by the Nuclear Regula tory Commission (NRC).

(3) Ins truc ted that all labora tory rules and safety procedures ou tined in
this program must be complied with and tha t failure to do so may result in
disciplinary action.

(4) Informed of the relevant portions of NRC regula tions in 10 CFR 19 and
20. Copies of these regula tions will be maintained by the RPO for review
by in teres ted workers.

(5) Required to sign the following s ta temen t confirming that the above
information has been conveyed to them and they have been afforded an
opportunity to ask any ques tions.

Gen tes t Limited Partnership

S ta temen t of Training in Radia tion Pro tec tion

I have received the Gen tes t Radia tion Protection Program as well as"

eny additional ma terial and information necessary to unders tand the
radia tion pro tec tion p ra c tice s tha t are ou tlined in the program. I have
been afforded the oppurtunity to ask ques tions concerning radia tion sa f e ty
and the safe use of radioac tive ma terial, I am aware of the NRC regula tions

,

|' responsibility to comply with applicable regula tions. "
in 10 CFR 19 & 20 pe r ta ining to radia tion sa f e ty , and I understand my

l

|
o igna ture

! Da te
,

!

| Training will be provided for ancillary personnel (cus todians, s e cu ri ty ,
i etc.). Our consultants will provide a seminar a t which non radia tion
| worker employees can ask any questions they may have concerning Gen tes t use
( of radioactive ma terial, radia tion pro tec ton prac tices , or any other

| questions tha t they may deem relevent.
|

1

- _ . - - _. . _ - _ _ _ _ . - - _ - _ - - - -. . -. . . . -. . - -



c-

O O

B. Control of Radia tion Exposures

(1) External and internal exposures to ionizing radia tion shall be kept as
low as reasonably achievable (ALARA).

(2) Occupa tional external and in te rnal exposures from radioactive ma terial
shall be controlled such tha t no individual can receive a radia tion dose in
excess of the values lis ted in Table 1.

Table 1
Occupational Dose Values

(a) Maximum , permissible exposures for occupa tional external ra d ia tion
.

Rems per calendar Rems per year
q ua r te r

Whole body; head and trunk;
active blood forming organs; 1.25 5.0
lens of eye; gonads

Skin of whole body 7.50 30.0

Hands and forearms; feet and 18.75 75.0
ankles

(b) Maximum permissible dose for minors and.non-radia tion workers:
500mrea

(c) Maximum permissible dose to pregnant women: The Radia tion
Pro tection Of ficer ins truc ts all pregnant women to follow the NRC
guidelines established in Regula tory Guide 8.13.

'

C. Personnel Monitoring of Internal and External Radiation Exposures

(1) In Vivo Monitoring:__

All new radia ton workers who will routinely work with tritium, C-14, and/or;

P-32 will have a baseline bioassay performed prior to any use of the
ra d ioa c tivi ty . Inves tiga tors routinely handling grca ter than 10
oil 11 curies of tritium will submit urine samples monthly for analysis.
Ac tion points along with corrective actions takea will be those ou tlined in
Item 5 of "Applica tions for Bionssay of Tritium".

Additional bioassays may be performed on designa ted individuals a t the
discretion of ther Radia tion Pro tec tion Of ficer. As is required by 10 CFR
20.401, records of bioassay results for all employees are ma in ta ine d .

.

l

l

t
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(2) Whole body dosime ters:

All individuals who handle P-32 or are routinely present in an area where
this ma te rial is stored and used are required to wear whole body film
badges.

(3) Extremity dosime ters :

Radia tion workers who rou tinely handle millicurie quantities of P-32 will
be required to wear wrist badges and/ or finger ring dosime ters in
conjunction with their whole body badges.

Dosime ters will be supplied by R.S. Landauer and will have a monthly
exchange frequency. Records of personnel exposures will be maintained by
the Radia tion Pro tec tion Of ficer.

ih
D. Radia tion Surveys of Radioiso tope Labora tories

(1) All labora tories in which grea ter than 100 microcuries of radioactivity
is handled on a routine basis will be surveyed weekly. These surveys will
consist of radia tion dose ra te measurements a t specified loca tions
accompanied by wipe testing for removable con tamina tion.

(2) All other labora tories will be surveyed on a monthly basis.

(3) Daily 'close-down' procedures will be e s tabli s hed in all areas in which
radioac tive ma terials are stored or used. These procedures will ensure
tha t: . .

(a) Radia tion sources are properly labeled, stored, and secured.

(b) Survey me ter measurements have e s ta blis he d tha t radia tion and
con tamina tion levels are within permissible limits and as low as
reasonably achievable.

.

(c) Each labora tory is secured agains t unau thorized access.
.

E. Procurement and Monitoring of Radioactive Packages
.

(1) The person ordering the ra d ioa c tive ma terial mus t forward a purchase
j order requisition to the Radia tion Pro tec tion Of ficer, f or approval. The
i radioisotope and amount must appear on the requisition, not just the

ca talog number.

| (2) The Radia tion Pro tec tion Of ficer will sign the requisition af ter
verifying tha t the ma terial to be ordered is covered by the NRC license and
tha t possession limits for the labora tory are no t exceeded.

.

'

(3) Incoming shipmen ts of radioactive ma terial are delivered to the

| receiving room and then forwarded to the Radia tion Pro tection Of ficer or
his designate. The package will then be logged in and surveyed for for'

i radia tion dose ra te s and external con tamina tion.
.

(4) Radioactive shipments will only be received during normal working
| hours. These are 8:00am to 5:00pm, no weekends.

_ . _ _ . _ . . . _ _ _ _ _ . _ - - _ _ _ _, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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F. Procedures for Openning Radioactive Ma terial Shipments

(1) Packs 3es of radioac tive material are to be openned only in one of the
designa ted radioiso tope la bo ra to rie s . Any package c on ta ining powdered,
crystalline, or vola tile radioac tive ma terial mus t be openned in a fume
hood.

(2) Wearing protective gloves, open the outer package. Remove the packing
slip and inspect it to verify that the shipment is in agreement with wha t
was ordered. If special ins truc tions for openning the isotope con ta ine r
are enclosed, these instructions are to be followed.

!

(3) Monitor the inner container with a GM survey ins trumen t. Check the
inner packing ma terial for contamina tion.

. (4 ) Remove the inner container and place behind appropria te shielding if
necessary.

4

(5) Open the inner con tainer. Monitor and inspect the primary container
for-leakage (i.e. loss of volume, di scolora tion of the absorbing ma terial,
e tc. ) .

|

(6) Notify the Radia tion Protection Of ficer if:

(a) Contamina tion or leakage is de te c ted .

(b) If readings in excess of expected values are ob tained on the
survey me ter. .

(c) There is a discrepency between the ma terial received and that
ordered.

G. Cali bra tion of Radia tion Survey Instruments

All radiation survey instruments will be calibra ted by our consultants on a
six month basis. If instruments are repaired, they will be recalibra te d
af ter such work is comple te. The following are the procedures used by our
con s ul tan ts , Bolton & Galanek, Inc.:

Radia tion survey ins truments are calibra ted as described in the appi,ica tion
for NRC license # 20-13302-01. Calibra tions are performed by either Murray
M. Bolton or Mitchell S. Galanek. All instruments are checked with an

'

electronic pulser to determine that the ins trumen t is functioning properly.
Geiger Mueller (GM) and ionization de tectors are calibra ted wjpg an N.B.S.
certified Radium standard. The source is 46.3 milligrams of Ra - N.B.S.

i No. 25729 - Tes t No. 1194552. The s tanda rd is certified by N.B.S. with an
uncertainty value of less than 0.7 %. The source is raised and lowered via,

| remo te electrical controls. The ins truments are calibra ted a t 2 points on
each scale using a variable dis tance technique. The 2 points on each scale
are separated by 35 to 50 % of full scale.

A calibra tion record with applicable inf orma tion is a t tached to each
calibrated instrument.

.- --- , - - . . -_ . . - , - - _ - . _ . - - _ _ _ _ , - - __ - .- - _ -. . -- - -
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I. Radioactive Waste Disposal

(1) All solids contamina ted wi th radioac tive ma terial will be put in the
waste con ta ine r s provided in each laboratory. A record of the isotope and
amount being disposed will be ma in ta ine d. When these containers are full,
the waste will be transferred to 55 gallon drums to await shipment to a
licensed was te disposal facility. No liquids are to be put in the solid
waste con ta ine rs .

(2) Aqueous liquid waste can be disposed of via the sani ta ry sewage system
in concentrations not to exceed those listed in 10 CFR 20. Sinks to be
used for disposal will be clearly marked and labeled. A record of the
isotope and amount disposed must be maintained.

(3) Organic liquid waste will be disposed of in I gallon pla s tic jars
filled with absorban t ma terial. These jars will be packaged in 55 gallon
drums to awai t shipment to a licensed burial facility. A record of the
isotope and amount being disposed will be maintained.

(4) Whenever possible, short half life ma terial will be stored for
radioactive decay and subsequent disposal as non-radioac tive wa s te. All
such material will be held for a minimum of 10 half lives and will be
surveyed comple tely before disposal.

J. Radia tion Emergencies

In the event of a major spill or accident involving radioac tive ma terial,
'

the following procedures should be used:
.

! (1) The area is quarantined immedia tely.

. (2) If vola tile ma terial is involved, ac tiva te the hood if necetsary
'

and evacua te personnel from the immedia te work area.

(3) Survey persons involved in accident. If clothing is
con tamina te d , remove and place in a plas tic bag.

| (4) If skin is con tamina ted , begin decontamination procedures and
I c on tinue until levels are as close to background as possible.

(5) Decontamina te the work area. Continue with decontamina tion
! procedures and resurvey until removable con tamina tion and dose
'

ra tes are wi thin permissible limits.

(6) Notify the Radia tion Protec tion Of ficer

Responsibility for any decontamina tion procedures rests wi th the Radia tion
Pro tec tion Of ficer and the laboratory supervisor. Under no circums tance s
are these procedures to be performed by members of the maintenance or

| housekeeping s ta f f. The Radia tion Protection Of ficer will perform a
thorough survey of the affec ted areas to de termine if additional action is
necessary. The RPO will es tablish and maintain a log of radia tion acciden t

| reports and corrective actions taken. Our consultants will be used as

| needed by the Radia tion Pro tection Of ficer.

l

. . - - - _ -_- -_ _ . - - - _ - - . . _ - - .. _ _ - - _ _ .
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In the event tha t the accident occurs after hours or on a weekend, the
following s te ps are to be taken:

(1) Do not a t temp t to clean up the spill. Quarantine the area as
much as possible.

(2) Notify the Radia tion Protection Of ficer or the Facility
Supervisor for specific instructions as to the course of ac tion
to be followed.

(3) Survey yourself for radioac tive contamina tion. Begin
decon tamina tion procedures and await help from the RPO.

Responsibility for any decontamina tion procedures rests with the Radia tion
Protection Officer and the la bo ra to ry supervisor. Under no circums tance s
are these procedures to be performed by members of the maintenance or
housekeeping s ta f f . The Radia tion Pro tec tion Of ficer will perform a
thorough survey of the af fected areas to determine if additional action is
necessary. The RPO will es tablish and maintain a log of radiation accident
reports and corrective actions taken. Our consultan ts will be used as
needed by the Radia tion Pro tection Of ficer.

K. General Laboratory Rules

(1) Lab coats or o ther designa ted pro tec tive clothing must be worn a t all
times when working wi th radioac tive ma te rials.

(2) All personnel using radioactive ma terial will survey their hands and
clothing prior to leaving the labora tory and a t the end of each day when
radioac tive ma terials are used.

(3) Mou th pipe tting of radioac tive ma terial is prohibited.

(4) There will be no ea ting, drinking, smoking, storage of food, or
applica tion of cosme tics in areas where ra d ioa c tive ma te rials are stored or
used.

(5) Personnel will wear pro tective gloves when handling unsealed quan tities
of radioac tive ma terial. Gloves are to be removed and disposed of before
leaving the work area.

(6) Dosimeters as assigned by the Radia tion Pro tection Of ficer mus t be worn
when in the areas where radioactive ma terials are stored or used. In

< addition, personnel must submit bioassay samples or have throid burden
measurements as requested by the Radia tion Pro tec tion Officer.

(7) Af ter hour or weekend work must have the specific approval of the
appropria te laboratory supervisor.

(8) All equipment and ins trumen ta tion con ta ining radioactive ma terial must
be properly labeled.

(9) All radioactive materials not in use will be stored in a safe and
approved manner.

._. - - _ -
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(10) All areas where radioac tive ma terials are stored or used must be
properly posted.

(11) Work performed on an open bench must be done'in a manner such tha t any
spills are contained and spread of contamina tion is con trolle d.

(12) At the end of each work day, work areas must be thoroughly surveyed
and cleaned if necessary.

(13) Any radia tion survey instruments found to be defective or suspected to
be malfunctioning will be brought to the a t ten tion of the Radia tion
Protection Of ficer immedia tely.
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\ +... +* OFFICE OF NUCLEAR REGULATORY RESEARCH

REGULATORY GUIDE 8.29 tM,C 6 M9
(Task OH 9024)

INSTRUCTION CONCERNING RISKS FROM OCCUPATIONAL RADIATION EXPOSURE

A. INTRODUCTION Concerns about tnese biological effects have resulted in
controls on doses to individual workers and in efforts to

Section 19.12 of 10 CFR Part 19 " Notices, Instructions control the collective dose (person-rems) to the worker
and Reports to Workers; Inspections," requires that all population.
persons workingin orfrequentingany portion of a restricted
area * S instructed in the health protection problems asso- NRC-licensed activities result in a significant fraction of
ciated with exposure to radioactive materials or radiation. the total occupational radiation exposure in the United
This guide describes the instruction that should be provided States. Regulatory action has recently focused more atten-
to the worker concerning biological risks from occupational tion on maintaining occupational radiation exposure at
radiation exposure. Additional guides are being or will be levels that are as low as is reasonably achievable (ALARA).
developed to address other aspects of radiation protection Radiation protection training for all workers who may be
training. exposed to ionizing radiation is an essential component of

any program designed to maintain exposure levels ALARA.
B. DISCUSSION A clear understanding of what is presently known about the

biological risks associated with exposure to radiation will
It is generally accepted by the scientific community that result in more effective radiation protection training and

exposure to ionizing radiation can cause biological effects should generate more interest on the part of the workerin
that are harmful to the exposed organism. These effects are minirrizing both individualand collective doses. In addition,
classified into three categories: radiation workers have the right to whatever information

on radiation risk is available to enable them to make informed

Somatic Effects: Effects occurring in the exposed decisions regarding the acceptance of these risks. It isintended
person that, in turn, may be divided into two classes: that workers who receive this instruction develop a healthy

respect for the risks involved rather than excessive fear or
Prompt effects that are observable soon after a large indifference,
or acute dose (e.g.,100 rems' or more to the whole
body in a few hours), and At the relatively low levels of occupational radiation

exposure in the United States,it is difficult to demonstrate
Delayed effects such as cancer that may occur years a relationship between exposure and effect. There is con-
after exposure to radiation. siderable uncertainty and controversy regarding estimates

of radiation risk. In the appendix to this guide, a range of
2Genetic Effects: Abnormalities that may occur in the risk estimates is provided (see Table 1). Information on

future children of exposed individuals and in subsequent radiation risk has been included from such sources as the
generations. 1980 Naional Academy of Sciences' Report of the Committee

on the Biological Effects of lonizing Radiation (BEIR-80),
Teratogenic Effects: Effects that may be observed in the International Commission on Radiological Protection
children who were exposed'during the fetal and embryonic (ICRP) Publication 27 entitled " Problems in Developing an
stages of development. Index of flarm," the 1979 report of the science work group

of the Interagency Task Force on the licalth Effects of
tn the International system or Units (s!) the rem is replaced lonizing Radiation, the 1977 report of the United Nations8

by the sievert.10o rems is equal to i sievert (Sv). Scientific Committee on the Effects of Atomic Radiation
2 (UNSCEAR report), and numerous published articles (seeGenetic effects exceeding normal incidence have not been

observed in any of the studies or exposed humans, the bibliography to the appendix).

USNRC REGUI.ATORY GUIDES Comments should be sent to the Secretary of the Commission,
U . S. Nuclear R egulat ory Commission, vvashington, D.C. 2o 5 5 5

Regulatory Guides are issued to describe and make avaltable to the Attention: Docheting and Service Branch.
puDhc methods acceptable to the NRC sta f f of amplementmg
specific parts of the Commission's regulations, to delineate tech- The guides are issued in the following ten broad divisions:
niques used ny the staff in evaluatmg specific problems or postu-
lated accidents or to provide guidenCe to ar'OhCants. Regulatory 1. Power Reactors 6. Products
Guedes are nol substitutes for regulations, and compliance with 2. Research and Test Reactors 7. Transportation
them is not F# Quired. Methods and solutscns dif ferent f rom those set 3. Fuels and Materaals Facelettes 8. Occupational Health
out in the guides will be aCCeDtable if they provide a basis for the 4. Environmental and Seting 9. Antitrust and Financial Reveew
findings requisite to the assuante or Continuance of a permit or S. Materials and plant Protection 10. Gener al
llCense Dy the Commission.

Copies of issued guades may be purchased at the current Government
This guide was issued after consideration of Cnmments receeved f rom Printing Of fiCe prete. A suoscription service f ar future quedes en soe-
the pubisc. Comments and sug4estions f oe improvements m these Clfic divissons 65 avaelable througn the Government Printing Of f eCe.
guides are encouraged at all taengs, and guides WHI De revtsed, as Information on the subscription service and Current GPO preces may

,
approDreate 10 aCCommod3te Comments and to te lett new onectma- be obtained t*y wrotenq t he U.S. Nucsear Aegutatory Commisseon,r

p tion or esponenCo. W ash sn gt on, D.C. 2c 55 5, Attention: Pubhcateons Sales Manager.

p g.--q p ,.s

f!



- ,
,

9
-

C. REGULATORY POAN
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sessions. Each individu.,,cwMuld be given an cpportunity to
ask questions tnd should be tsked to acknowledge in writing

Strong management support is considered essential to an that the instruction has been received and understood.
adIquate radiation protection training program. Instruction
ta wirkers performed in compliance with { 19.12 of 10 CFR _ D. IMPLEMENTATION
P:rt 19 should be given prior to assignment to work in a
r:stricted area and periodically thereafter. In providing The purpose of this section is to provide information to
instruction concerning health protection problems associated applicants regarding the NRC staff's plans for using this
with exposure to radiation, all workers, including those in regulatory guide.
supervisory roles, should be given specific instruction on

1 tha risk of biological effects resulting from exposure to Except in those cases in which an applicant or licensee
radiation. proposes an acceptable alternative method for complying

with specified portions of the Commission's regulations, the
The instruction should be presented both orally and in methods described in this guide will be used in the evalua-

printed form to all affected workers and supervisors. It should tion of the training program for allindividuals working in
include the information provided in the appendix to this or frequenting any portion of a restricted area and for all
guide.3 The information should be discussed during training supervisory personnel after December 15,1981.

3copies of the op ndix to this guide are available at the current . .

Government Printing fnce price,which may be obtained by writing vided in this guide on or before December 15,1981, the
I; s'ss*, Et'te'ntionN*5b$Yo*n's Esses EaYn."ihis ppe is f pertinent portions of the application or thelicensee's perfor-"

copyrighted, and Commission approvat is not required to reproduce it. mance will be evaluated on the basis of this guide.

,
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U.S. NUCLEAR REGULATO OMMISSION

APPENDIX TO REGULATORY GUIDE 8.29

INSTRUCTION CONCERNING RISKS FROM OCCUPATIONAL RADIATION EXPOSURE

This instructional material is intended to provide the The biological effects that are known to occur after
2user with me best available information concerning what is exposure to high doses (hundreds of rems ) of radiatio i are

currently known about the health risks from exposure to discussed early in the document; discussions of the esti-
ionizing radiation.' A question and answer format has been mated risks from the low occupational dose (<S rems per
used. The questions were developed by the NRC staff in year) follow, it is intended that this information will help
consultation with workers, union representatives, and develop an attitude of healthy respect for the risks asso-
licensee representatives experienced in radiation protection ciated with radiation, rather than unnecessary fear or lack
training. Risk estimates have been compiled from numerous of concern. Additional guidance is being or will be devel-
sources generally recognized as reliable. A bibliography is oped concerning other topics in radiation protection
included for the user interested in further study. training.

. . . . . . .

1. What Lr meant by riskt assume that some health effects do occur at the lower expo-
sure levels.

Risk can be defined in general as the probability (chance)
J. What is meant by prompt effects, delayed effects, andof injury, illness, or death resulting from some activity.

I"'i# #II'###Iflowever, the perception of risk is affected by how the
individual views its probability and its severity. The intent a. Prompt effects are observable shortly after receiving
of this document is to provide estimates of and explain the a very large dose in a short period of time. For example, a
basis for possible risk of injury, illness, or death resulting whole-body * dose of 450 rems (90 times the annual dose
from occupational radiation exposure. (See Questions 9 and limit for routine occupational exposure) in an hour to an
10 for estimates of radiation risk and comparisons with average adult will cause vomiting and diarrhea within a few
other types of risk.) hours; loss of hair, fever, and weight loss within a few

weeks; and about a 50 percent chance of death within
2. What are the possible health effects of exposure to 60 days without medical treatment.

ntdiation?
b. Delayed effects such as cancer may occur years

Some of the health effects that exposure to radiation after exposure to radiation.
may cause are cancer (including leukemia), birth defects ir:

c'. Genetic effects can occur when there is radiationthe future children of exposed parents, and cataracts.3
damage to the genetic material. These effects may show up

These effects (with the exception of genetic effects) have
as birth defects or other conditions in the future children ofbeen observed in studies of medical radiologists, uranium the exposed individual and succeeding generations, asminers, radium workers, and radiotherapy patients wh demonstrated in animal experiments. However, excess

have received large doses of radiation. Studies of people genetic effects clearly caused by radiation have not been
exposed to radiation from atomic weapons have als observed in human populations exposed to radiation. It has
provided data on radiation effects. In addition, radiation been observed, however, that radiation can change the
effects studies with laboratory animals have provided a genes in cells of the human body. Thus, the possibility
large body of data on radiation-induced health effects, exists that genetic effects can be caused in humans by low
including genetic effects doses even though no direct evidence exists as yet.

The observations and studies mentioned above, however, 4. In worker protection, which effects are of most concern
involve levels of radiation exposure that are much higher to the NRC7
(hundreds of rems) than those permitted occupationally
today (<S rems per year). Although studies have not shown a The main concern to the NRCis the delayed incidence
cause-effect relationship between health effects and current of cancer. The chance of delayed canceris believed to depend
levels of occupational radiation exposure, it is prudent to

3Cataracts differ from other radiation effects in that a certain
I lonizins radiation consists of energy or small particles such as level of dose to the lens ot the eye ( 200 rems) la required before

r

gamma, beta. or alpha radiation emitted trom radioactive materials they are observed.'

which, when absorbed by living tissue, can cause chemical and

| ph ysical damage. 4 g
i 2 body exposure, loo rems to the whole body will have more effect

The tem is the unit of measure for radiation dose anJ relates to than 100 to a hand. For example, exposure of a hand would affect a
the biological effect of the absorbed radiation. small fraction of the bone marrow and a hmited portion of the sitin.
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on how much r:diation exposure a p gets; therefore, Ont theory is that ra bn can damage chromosom: sin a
every re sonable sffort should be m de to k:cp exposures cell, and the cell is then directed along abnorm:I growth
low. patterns. Another is that radiation reduces the body's

normal resistance to existing viruses which can then multiply
Immediate or prompt effects are very urdikely since and damage cells. A third is that radiatien activates an

large exposures would normally occur only if there were a existing virus in the body which then attacks normal
serious radiation accident. Accident rates in the radiation cells causing them to grow rapidly.
industry have been Iow, and only a few accidents have
resulted in ex posures exceeding the legallimits.The probabil- What is known is that, in groups of highly exposed
ity cf serious genetic effects in the future children of people, a higher than normalincidence of cancer is observed.
w:rkers is estimated in the BEIRs report, based on animal liigher than normal rates of cancer can also be produced in
studies, at less than one third that of delayed cancer (5 65 laboratory animals by high levels of radiation. An increased
gen; tic effects per million rems compared to 160450 incidence of cancer has not been demonstrated at radiation
cancer cases). A clearer understanding of the cause-effect levels below the NRC limits.
relationship between radiation and human genetic effects
will not be possible until additional research studies are 7 If I receive a radiation dose, does that mean I am
c:mpleted. certain to get cancer?

3. What is the difference letween acute and chronic Not at all. Everyone gets a radiation dose every day (see
e.rposure? Question 25), but most people do not get cancer. Even with

doses of radiation far above legal limits, most individuals
Acute radiation exposure, which causes prompt effects will experience no delayed consequences. There is evidence

and may also cause delayed effects, usually refers to a large that some radiation damage can be repaired. The danger
d;se of radiation received in a short period of time; for from radiation is muchlike the danger from cigarette smoke,
example,450 rems received within a few hours or less. The Only a fraction of the people who breathe cigarette smoke
effects of acute exposures are well known from studies of get lung cancer, but there is good evidence that smoking
radi: therapy patients, some of whom received whole-body increases a person's chances of getting lung cancer. Similarly,
doses; atomic bomb victims; and the few accidents that there is evidence that the larger the radiation dose, the
have occurred in the early days of atomic weapons and larger the increase in a person's chances of getting cancer.
reactor development, industnal radiography, and nuclear
fuel processing. There have been few occupationalincidents Radiation is like most substances that cause cancer in
that have resulted in large exposures. NRC data indicate that the effects can be seen clearly only at high doses.
th:t, on the average, I accidental overexposure in which Estimates of the risks of cancer at low levels of expo ure
cny acute symptoms are observed occurs each year. hiost are derived from data available for exposures at high dose
cf these occurin industrial radiography and involve exposures levels and high dose rates. Generally, for radiation protection
c f the hands tather than the whole body. purposes these estimates are made using the linear model

(Curve 1 in Figure 1). We have data on health effects at high
Chronic ex posure, which may cause delayed effects but doses as shown by the solid line in Figure 1. Below about

n t prompt effects, refers to small doses received repeatedly 100 rems, studies have not been able to accurately measure
over long time periods; for example, 20-100 mrem (a the risk, primarily because of the small numbers of exposed
mrem is one-thousandth of a rem) per week every week for people and because the effect is small compared to differences
several years. Concern with occupational radiation risk is in the normalincidence from year to year and place to place,
primarily focused on chronic exposure to low levels of hiost scientists believe that there is some degree of risk no
radiation over long time periods. matter how small the dose (Curves I and 2). Some scientists

believe that the risk drops off to zero at some low dose
6. Ilow does radiation cause cancer? (Curve 3), the threshold effect. A few believe that risklevels

off so that even very small doses imply a significant risk
flow radiation causes cancer is not well understood. (Curve 4). The majority of scientists today endorse either

it is impossible to tell whether a given cancer was caused by the linear model (Curve 1) or the linear-quadratic model
radiation or by some other of the many apparent causes. (Curve 2). The NRC endorses the linear model (Curve 1),
it; wever, most diseases are caused by the interaction of which shows the number of effects decreasing as the dose
several factors. General physical condition, inherited traits, decreases, for radiation protection purposes.
age, sex, and exposure to other cancer-causing agents such
as cigarette smoke are a few possible contributing factors. It is prudent to assume that smaller doses have some

chance of causing cancer. This is as true for natural cancer-
causers such as sunlight and natural radiation as it is for
those that are man made such as cigarette smoke, smog, and

s man-made radiation. As even very small doses may entailThe National Academy of Sciences established a committee on
th; Biological Effects of lonismg Radiation (DEIR) whose 198o some small risk, it follows that no dose should be taken
ioni'_,f on the effects on,despopulations of exposure to low levels of without a reason. Thus, a principle of radiation protectionrepor

ng radiation provi much of the background for this .

guide, is to do more than merely meet the allowed regulatory
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Figure 1. Some proposed models for how the effects of radiation
vary with doses at low levels.

limits; doses should be kept as low as is reasonably achievable 1000 draws. We can say that if you receive a radiation dose,
(ALARA). you will have increased your chances of eventually developing

cancer. It is assumed that the more radiation exposure you
We don't know exactly what the chances are of getting get, the more you increase your chances of cancer.

cancer from a low-level radiation dose, but we can make
estimates based on extensive scientific knowledge. The
estimates of radiation risks are at least as reliable as estimates Not all workersincur the same level of risk. The radia-
for the effects from any chemical hazard. Being exposed tion risk incurred by a worker depends on the amount of
to typical occupational radiation doses is taking a chance, dose received. Under the linear model explained above, a
but that chance is reasonably well understood. worker who receives 5 rems in a year incurs 10 times as

much risk as another worker (the same age) who receives
it is important to understand the probability factors only 0.5 rem. The risk depends not only on the amount of

here. A similar question would be: If you select one card dose, but alsoon the age of the workerat the time the dose is
from a fun deck, will you get the ace of spades? This received. This age difference is due,in part, to the fact that
question cannot be answered with a simple yes or no. The a young worker has more time to live than an older worker,
best answer is that your chances are 1 in 52. Ilowever, if and the risk is Selieved to depend on the number of years
1000 people each select one card from full decks, we can of life following the dose. The more years left, the larger

j predict that about 20 of them will get an ace of spades. the risk. It should be clear that, even within the regulatory
Each person will have I chance in 52 of drawing the ace of dose limits, the risk may vary a great deal from one worker
spades, but there is no way that we can predict which persons to another. Fortunately, only a very few workers receive
will get the right card.The issue is further complicated by the doses near 5 rems per year; as pointed out in the answer to
fact that in I drawing by 1000 people, we might get only Question 19, the average annual dose for all radiation
15 successes and in another perhaps 25 correct cards in workers is less than 0.5 rem.
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A reasonable comparison involve;L bsure to the sun's ( jABLE1
rays. Frequent short exposures provide time for the skin to
repair. An acute exposure to the sun can result in painful Estimates of Excess Cancer incidence from Exposure
burning, and excessive exposure has been shown to cause to Low-Level Radiation
skin cancer. Ilowever, whether exposure to the sun's rays is
short term or spread over time, some of the injury is not Number of Additional * Cancers Estimated
rep:ited and may eventually result in skin cancer. Source to Occur in 1 Million People After

Exposure of Each to 1 Rem of Radiation
The effect upon a group of workers occupationally

exposed to radiation may be an increased incidence of
bcancer over and above the number of cancers that would BEIR,1980 160 450

normally be expected in that group. Each exposed individual
has an increased probability ofincurring subsequent cancer. ICRP,1977 200
We can say that if 10,000 workers each receive an additional
I rem in a year, that group is more likely to have a larger UNSCEAR,1977 150-350
incidence of cancer than 10.000 people who do not receive
the additional radiation. An estimate of the increased
probability of cancer from low radiation doses delivered to ,

*1:rge groups is one measure of occupational risk and is b
. All three groups estimated remature deaths from radiation-giscussed in guestion 9. induced cancers. The American ancer Society has recently stated

that only about one half of all cancer cases are fatal. Thus, to

8. What groups of expert scientists have studied the risk ''''[*|og"e''n',"'g'hfg$e''$o'up',',",,"s'n c$o"se 'Sm"c'n't on t$e r$
'

y , e

from exposure to radiation 7 of radiation-induced cancer.

In 1956, the National Academy of Sciencesestablished I rem, we could estimate that three would develop cancer
advisory committees to consider radiation risks. The first of because of that exposure, although the actual number could
these was the Advisory Committee on the Biological Effects be more or less than three.
cf Atomic Radiations (BEAR) and more recently it was
renamed the Advisory Committee on the Biological Effects The American Cancer Society has reported that approxi-
of loni7ing Radiation (BEIR). These committees have mately 25 percent of all adults in the 20- to 65-year age
periodically reviewed the extensive research being done on bracket will develop cancer at some time from all possible
thi health effects of ionizing radiation and have published causes such as smoking, food, alcohol, drugs, air pollutants,
estimates of the risk of cancer from exposure to radiation and natitral background radiation. Thus in any group of
(1972 and 1980 BEIR reports). 'Ihe InternationalCommission 10,000 workers not exposed to radiation on the job, we can
on Radiological Protection (ICRP)and the National Council expect about 2,500 to develop cancer. If this entire group
on Radiation Protection and Measurement (NCRP) are two of 10,000 workers were to receive an occupational radiation
other groups of scientists who have studied radiation effects dose of I rem each, we could estimate that three additional
and published risk estimates (ICRP Publication 26,1977). cases might occur which would give a total of about 2,503.
These two groups have no government affiliation. In This means that a 1-rem dose to each of 10,000 workers
cddition, the United Nations established an independent might increase the cancer rate from 25 percent to 25.03
study group that published an extensive report in 1977, percent, an increase of about 3 hundredths of one percent.
including estimates of cancer risk from ionizing radiation
(UNSCEAR,1977). As an individual,if your cumulative occupational radia-

tion dose is I rem, your chances of eventually developing
Several individual research groups or scientists such as cancer during your entire lifetime may have increased from

Alica Stewart, E.S. Gilbert, T.F. Mancuso, T.W. Anderson, 25 percent to 25.03 percent if your lifetime occupational
to name a few, have published studies concerning low-level dose is 10 rems, we could estimate a 25.3 percent chance of ;

radiation effects. The bibliography to this appendix includes developing cancer. Using a simple linear model, a lifetime
several articles for the reader who wishes to do further dose of 100 rems may have increased your chances of
study. The BEIR-80 report includes analysis of the work of cancer from 25 to 28 percent.
many independent researchers.

The normal chance of developing cancerif you receive
9. What are the estimates of the risk of cancerfrom radia- no occupational radiation dose is about equal to your chance

tion exposure? of getting any spade on a single draw from,a full deck of
playing cards, which is one chance out of four. The addi-

The cancer risk estimates (developed by the organiza- tional chance of developing cancer from an occupational
tions identified in Question 8) are presented in Table 1. exposure of I rem is less than your char (ces of drawing an

ace from a full deck of cards three times'in a row,
in an effort to explain the significance of these estimates,

wa will use an approximate average of 300 excess cancer Since cancer resulting from exposure to radiationusually
c ses per million people, each exposed to I rem ofionizing occurs 5 to 25 years after the exposure and since not all
radirtion. If in a group of 10,000 workers each receives cancers are fatal, another useful measure of risk is years of

8.29-6
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life pectIncy lost on the average fr.sa radiation-induced . TABLE 2 ' |
^

cancer, it h:s been estimated in several studies that the >.,

- a-erase. loss oflife expectancy from exposure to radiatioh is Estimated Loss of Life Expectancy from Health Risks"
,

,

about I day per rem of exposure.' In other words, a person.
exposed to I rem of radiation may, on.the average, lose
I day of life?The words "on the average" are important. Estimates of Days of,;
however, because the person who gets cancer from radiation ~ Life Expectancy Lost,
may lose several years oflife expectancy while his coworkers Health Risk Average ' -

suffer no loss. The ICRP estimated that the average number
of years of life lost from fatal industrial accidents is 30 Smoking 20 cigarettes / day ' 2370 (6.5 years)

. while th: average number of years of life lost from a fatal ~ Overweight (by 20%) 985 (2.7 years)-
radiation-induced cancer is 10. The shorter loss of life All accidents combined 435 (1.2 years)
expectancy is due to the delayed onset of cancer. Auto accidents 200

A'cohol consumption (U.S. average) 130
It is important to realize that these risk numbers are Home accidents . 95.,

only estimates. Many difficulties are involved in designing Drowning 41
research studies that can accurately measure the small Natural background radiation, 8
increases in ' cancer cases due to low exposures to radiation calculated
.as compared to the normal rate of cancer. There is still Medical diagnostic x-rays (U.S. '6
uncertainty and a great deal of controversy with regard to average), calculated
estimates of radiation' risk. The numbers used here result All catastrophes (earthquake, etc.) - 3.5'

-
. from studies involving high doses and high dose rates, and I rem occupational radiation dose, I
they may not apply to doses at the lower occupational calculated (industry average for
levels of exposure. The NRC and other agencies both in the the higher-dose job categories is
United States and abroad are continuing extensive long-range '0.65 rem /yr)
research programs on radiat*on risk. I rem /yr for 30 years. calculated 30

'Some members of the National Academy of Sciences
BEIR Advisory Committee and others feel that risk estimates a

physics, hted from Cohen and Lee, "A Catalosue of Risks,'* Neelsh
Ada

in Table 1 are higher than would actually occur and represent ot. 36, hne 1979.

. an upper limit on the risk. Other scientists believe that
the estimates are low and that the risk could be higher. A second useful comparison is to look at estir' nates of'

However, these estimates are considered by the NRC staff the average number of days of life expectancy. lost from
. ' to be the best available that the worker can use to make an exposure to radiation and from commonindustrial accidents
! informed decision concerning acceptance of the risks asso- at radiation-related facilities and to compare this number
! ciated with exposure to radiation. A worker who decides to with days lost from other occupational accidents. Table 3

accept this risk should make every effort to keep exposure shows average days of life expectancy lost as a result of '

to radiation ALARA to avoid unnecessary risk.The worker, fatal work-related accidents. Note that the data for occupa-
after all, has the first line responsibility for protecting himself tions other than radiation related do not include death risks
from radiation hazards. from other possible hazards such as exposure to toxic chem-'

icals, dusts, or unusual temperatures. Note also that the
10. -How een we compare radiation risk to other kinds of unlikely occupational exposure at 5 rems per year for 50

heelrh riskst. years, the maximum allowable risk level, may result in a
risk comparable to the average risks in mining and heavy

'

Perhaps the most useful unit for comparison among construction.
health risks is the average number of days of life expectancy '

lost per unit of exposure to each.particular health risk. Industrial accident rates in the nuclear industry and
,

| Estimates are calculated by looking at a large number of per- related occupational areas have been relatively low during
(. sons, recording the age when death occurs from apparent the entire history of the industry (see Table 4)..This is

causes, and estimating the number of days of life lost as a believed to be due to the early and continuing emphasis on
result of these early deaths. The total number of days of tight safety controls. The relative safety of various occupa-

,

life lost is then averaged over the total group observed. tional areas can be seen by comparing the probability of
( death by accident per 10,000 workers over a' 40 dear
[- c Several studies have compared the projected loss oflife working lifetime. These figures do not include . dea'th
!; - expectancy resulting from exposure to radiation with other from possible causes such as exposure to toxic chemicals or, ,

[' _ health risksiSome representative numbers are presented in radiation.
'

E Table 2.
t i1. Can a worker become sterile orimpotentf>om occupe- '

These estimatesindicate that the health risks from occu- rionalisdiction exposure?
pational radiation exposure are smaller than the risks asso- i

'

cisted with many other eventsoractivities we encounterand Observation of radiation therapy patients who receive
i accept in normal day-to-day activities. localized exposures, usually spread over a few weeks, has
-
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TABLE 3 - shown that a dose om00-800 rems to the gonids can
produca permanent sterility in males or females (an acuta

Estimated Loss of Life Expectancy from ladustrial Hazards' whole-body dose of this magnitude would probably result
in death within 60 days). An acute dose of 20 rems to the
testes can result in a measurable but temporary reduction in

Estimates of Days of sperm count. Such high exposures on the job could result
Life Expectancy Lost, only from seriousand unlikely rasliation accidents. Although -

Industry Type - Average high doses of radiation can affect fertility, they have no
effect on the ability to function sexually. Likewise, exposure

All industry - 74 to permitted occupationallevels of radiation has no observed
" Trade 30 effect on fertility and also has no effect on the ability to

Manufacturing ~43 function sexually.
Service ' 47 .

Government . 55 12. IVhat are the NRC external radiation dose limits?
164Transportation and utilities "

Agriculture ' 277 Federal regulations currently limit occupational external -
Ccnstruction 302 whole-body radiation dose to 1% rems in any calendar
Mining and quarrying 328 quarter or speciGed 3-month period. However, when there
Radiation accidents, death from <1 is documented evidence that a worker's previous occupa-
1 exposure . tional dose is low enough, a licensee may permit a dose of
Radiation dose of 0.65 rem /yr 20 ' up to 3 rems per quarter or 12 rems per year.The accumulated
(industry average) for 30 years, dose may not exceed 5(N- 18) rems' where Nis the person's
calculated ' age in years, i.e., the lifetime occupational dose may not

Radiation dose of 5 rems /yr for- 250 exceed an average of 5 rems for each year above the age
50 years of 18.

' Industrial accidents at nuclear 58
facilities (nonradiation) An additional whole-body dose of approximately

5 rems per year is permitted from internal exposure. (See
Question 28.)

8 Adapted from Cohen and I.ee, "A Catalosue of Risk.** Health
13. Whatis meantby ALARA?Physics, Vol. 36. June 1979; and Wortd Health Orpanination. Nestth

Implications of Nuclear Powr Production, Decemner I97s.
In addition to providing an upper limit on a person's

permissible radiation exposure, the NRC also requires that
its licensees maintain occupational exposures as far below
the limit as is reasonably achievable (ALARA). This means

TABLE 4 that every activity at a nuclear facility involving exposure
to radiation should be planned so as to minimize unnecessary

I'ribability of A'ccidental Death by Type of Occupation exposure to individual workers and also to the wcirker8

Population. A job that involves exposure to radiation
should be scheduled only when it is clear that the benefit

Number of Accidental justifies the risks assumed. All design, construction, and
Deaths for 10,000 operating procedures should be reviewed with the objective

Occupation Workers for 40 Years of reducing unnecessary exposures.

' Mining 252 14. Has the ALARA concept been applied if, instead of

Ccnstruction 228 reaching dose limits during thefirst week of a quarter,

Agriculture - 216 the worker's dose is spread out over the whole quarter?

Transportation and public 116
utilities : No. For radiation protection purposes, the risk of

Allindustries 56 cancer from low doses is assumed to be proportional to the

G:vernment 44 amount of exposure, not the rate at which it is received.

Nuclear industry (1975 data ~ 40 Thus it is assumed that spreading the dose out over time or

excluding construction) over larger numbers of people does not reduce the overall

Mznufacturing 36 risk. The ALARA concept has been followed only when the

Services 28 individual and collective doses are reduced by reducing the

Wh lesale and trade 24 time of exposure - or decreasing radiation levels in the

6The NRC has published a proposed rule chanse for public
comment that would eliminate the s(N.18) formula. This proposal is
currently under consideration by a task force reviewins all of to CFR

* Adapted frorm National Safety Council. Accident Facts.1979; Part 20. Recent EPA suidance recommends eliminating the s(N-IS)
and Atomic Energy Commission. Operational Accidents and Radia- formula. If adopted.the maximum allowed annual dose will be s tems
Won Exposure Expenence, WASH.I 192, t 97s. rather than 12.
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individual and collective doses tre reCed by rsducing the canett for the wor opulation. At best, the total risk
time cf exposure or decre: sing radiation levils in' the remains the same, and it may even be increased. The only
working environment. way to reduce the risk is to reduce the collective dose; that

can be done only by reducing the radiation levels, the
15. What is meant by collective dose and why should it working times, or both,

be maintained A LARA ?
I 7. Why doesn 't the NRCimpose collective dose limits?

Nuclear industry activities expose an increasing number
of people to occupational radiation in addition to the radia- Compliance with individual dose limits can be achieved
tion doses they receive from natural background radiation simply by using extra workers. llowever, compliance with a
and medical radiation exposures.The collective occupational collective dose limit (such as 100 person-rems per year for a
dose (person-rems) is the sum of all occupational radiation licensee) would require reduction of radiation levels,
exposure received by all the workers in an entire worker working times, or both. But there are many yroblems
population. For example, if 100 workers each receive 2 rems, associated with setting appropriate collective dose limits.
the individual dose is 2 rems and the collective dose is 200
person-rems. The total additional risk of cancer and genetic For example, we might consider applying a single

- effects in an exposed population is assumed to depend on collective dose limit to alllicensees. The selection of such a
the collective dose. collective dose limit would be almost impossible because of

the wide variations in collective doses among licensees.
It should be noted that, from the viewpoint of risk to A power reactor could reasonably be expected to have an

a total population,it is the collective dose that must be con- average annual collective dose of several hundred person-
trolled. For a given collective dose, the number of health rems. However, a small industrial radiography licensee
effects is assumed to be the same even if a larger number of could very well have a collective dose of only a few person-
people share the dose. Therefore, spreading the dose out rems in a year.
may reduce the individual risk, but not that of the population.

Even choosing a collective dose limit for a group of
Efforts should be made to maintain the collective dose similar licensees would be almost as difficult. Radiography

ALARA so as not to unnecessarily increase the overall popula- licensees as a group had an average collective dose in 1977
tion incidence of cancer and genetic effects. of 9 person-rems. However, the smallest collective dose for

a radiography licensee was less than 1 person-rem, and the
16. Is the use of extra workers a good way to reduce risks? largest was 401 person-rems.

There is a "yes" answer to this question and a "no" Setting a reasonable collective dose limit for each indi-
answer. For a given job involving exposure to radiation, vidual licensee would also be very difficult. It would
the more people who share the work, the lower the average require a record of all past collective doses on which to base
dose to an individual. The lower the dose, the lower the such limits. Setting an annual collective dose limit would
risk. So, for you as an individual, the answer is "yes." then amount to an attempt to predict a reasonable collective

dose for each future year. In order to do this, it would be
But how about the risk to the entire group of workers? necessary to be able to predict changes in each licensed

Under assumptions used by the NRC for purposes of protec- activity that would increase or decrease the collective dose.
tion, the risk of cancer depends on the total amount of In addition, enual collective doses vary significantly from
radiation energy absorbed by human tissue, not on the year to ye" .ucording to the kind and amount of mainte-
number of people to whom this tissue belongs. Therefore,if nance -W 1, which cannot generally be predicted in
30 workers are used to do a job instead of 10, and if both ah,% 6 wing all such changes and revising limits un
groups get the same collective dose (person-rems), the total % d <. . T. . . d be very difficult if not impossible. Howe-
cancer risk is the same, and nothing was gained for the tw a 'et% vould be necessary if a collective dose
group by using 30 workers. From this viewpoint the answer were to be reasonable and help minimize doses an mks.
is "no." The risk was not reduced but simply spread
around among a larger number oi persons. 18. How are mdiation dose limits established? ~

;

Unfortunately, spreading the risk around often results The NRC establishes occupational radiation dose
in a larger collective dose for the job. Workers are exposed limits based on guidance to Federal agencies from the
as they approach a job, while they are getting oriented to Environmental Protection Agency (EPA) and, in addition,
do the job, and as they withdraw from the job. The dose considers NCRP and ICRP recommend.tions. Scientific
received dunng these actions is called nonproductive. If reviews of research data on biological effects such as the
several crew changes are required, the nonproductive dose BEIR report are also considered.
can become very large. Thus it can be seen that the use of
extra workers may actually increase the total occupational For example, recent EPA guidance recommended
dose and the resulting collective risks. that the annual whole-body dose limit be established at 5

rems per year and indicated that exposure, year after year,
The use of extra workers to comply with NRC dose to 5 rems would involve a risk to a worker comparable to

limits is not the way to reduce the risk of radiation-induced the average risks incurred by workers in the higher risk jobs
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individual and collective doses',sreduced by reducing the cancer for thh Jrker population. At best, the total risk
time of exposure or decreasing radiation levels in the remains the same, and it may even be increased. The only
working environment, way to reduce the risk is to reduce the collective dose;that

can be done only by reducing the radiation levels, the
~

IL What is meant by collective dose end why should it working times, or both.
be maintained ALARA?

I 7. Why doesn't the NRCimpose collective dose limits?
Nuclear industry activities expose an increasing number

of people to occupational radiation in addition to the radia- Compliance with individual dose limits can be achieved
tion doses they receive from natural background radiation simply by using extra workers. However, compliance with a
and medical radiation exposures. The collective occupational collective dose limit (such as 100 person-rems per year for a ,

dose (person-rems) is the sum of all occupational radiation licensee) would require reduction of radiation levels,
exposure received by all the workers in an entire worker working times, or both. But there are many problems
population. For example,1f 100 workers each receive 2 rems, associated with setting appropriate collective dose limits.
the individual dose is 2 rems and the collective dose is 200
person-rems. The total additional risk of cancer and genetic For example, we might consider applying a single
effects in an exposed population is assumed to depend on collective dose limit to alllicensees.The selection of such a
the collective dose. collective dose limit would be almost impossible because of

the wide variations in collective doses among licensees.
It should be noted that, from the viewpoint of risk to A power reactor could reasonably be expected to have an

a total population,it is the collective dose that must be con- average annual collective dose of several hundred person-,

trolled. For a given collective dose, the number of health rems. However, a small industrial radiography licensee
- effects is assumed to be the same even if a larger number of could very well have a collective dose of only a few person-

people share the dose. Therefore, spreading the dose out rems in a year.
may reduce the individual risk, but not that of the population.

Even choosing a collective dose limit for a group of
Efforts should be made to maintain the collective dose similar licensees would be a'most as difficult. Radiography

AIARA so as not to unnecessarily increase the overall popula , licensees as a group had an average collective dose in 1977
tion incidence of cancer and genetic effects. of 9 oerson-rems. However, the smallest collective dose for

a radiography licensee was less than I person-rem, and the
16. Is the use of extm worken a good way to reduce risks? largest was 401 person-rems.

There is a "yes" answer to this question and a "no" Setting a reasonable collective dose limit for eachindi-
answer. For a given job involving exposure to radiation, vidual licensee would also be very difficult. It would
the more people who share the work, the lower the average require a record of all past collective doses on which to base

. dose to an individual. The lower the dose, the lower the such limits. Setting an annual collective dose limit would
risk. So, for you as an individual, the answer is "yes." then amount to an attempt to predicta reasonable collective

dose for each future year. In order to do this, it would be
But how about the risk to the entire group of workers? necessary to be able to predict changes in each licensed

,,

Under assumptions used by the NRC for purposes of protec- activity that would increase or decrease the collective dose.
tion,' the risk of cancer depends on the total amount of in addition, annual collective doses vary significantly from
radiation energy absorbed by human tissue, not on the year to year according to the kind and amount of mainte-
number of people to whom this tissue belongs. Therefore, if nance required, which cannot generally be predicted in
30 workers are used to do a job instead of 10, and if both advance. Following all such changes and revising limits up
groups get the same collective dose (persorprems), the total and down would be very difficult if not impossible. However,
cancer risk is the same, and nothing was gained for the these efforts would be necessary if a collective dose limit
group by using 30 workers. From this viewpoint the answer were to be reasonable and help minimize doses and risks.
is "no." The risk was not reduced but simply spread
around among a larger number of persons. 18. How are mdiation dose limits established?

Unfortunately, spreading the risk around often results The NRC establishes occupational radiation dose
in a larger collective dose for the job. Workers are exposed limits based on guidance to Federal agencies from the
as they approach a job, while they are getting oriented to Environmental Protection Agency (EPA) and, in addition,
do the job, and as they withdraw from the job. The dose considers NCRP and ICRP recommendations. Scientific
received during these actions is called nonproductive. If reviews of research data on biological effects such as the
several crew changes are required, the nonproductive dose BEIR report are also considered.
can become very large. Thus it can be seen that the use of
extra workers may actually increase the total occupstional For example, recent EPA guidance recommended
dose and the resulting collective risks. that the annual whole-body dose limit be established at 5

rems per year and indicated that exposure, year after year,
The use of extra workers to comply with NRC dose to 5 rems would involve a risk to a worker comparable to

limits is not the way to reduce the risk of radiation-induced the average risks incurred by workers in the higher risk jobs
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by ridiation. The BEIR committeUcluded that claims level radiation acc(sg to the linen model explained in
of higher risk had "no substance." Question 7 Bysed on this approach, the regulationsin 10 CFR

Part 20, " Standards for Protection Against Radiation," also
The NRCstaff continually reviews the results of research state that licensees should maintain all radiation exposures,

on radiation risks. With respect to large-scale studies of and releases of radioactive materials in effluents, as low as is
radiation-induced health effects in human populations reasonably achievable. More recent scientific reviews of the
exposed to low-level ionizing radiation, the NRC and EPA large body of experimental data, such as the BEIR-80 and
have recently concluded that there is no one population the recent EPA guidance, continue to support the view that
group available for which such a study could be expected to use of a 5-rem-per-year limit is acceptable in practice.
provide a more meaningful estimate of the low-level radia- Experience has shown that, under this limit, the average
tion risk. This is due, in large part, to the observed and dose to workers is near 0.5 rem /yr with very few workers
estimated low incidence of radiation health effects from consistently approaching the limit.
Iow doses. Ilowever, the results of ongoing studies, such as
that on nuclear shipyard workers, will be carefully reviewed c. There islittle to gain.
and the development of a radiation-worker registry is
being considered as a possible data base for future studies. Reducing the dose limits, for example, to 0.5 rem /yr

has been analyzed by the NRC staff. An estimated 2.6 million
23. What are the reasons for not lowering the NRC dose person-rems could be saved from 1980 through the year

limits? 2000 by nuclear power plant licensees if compliance
with the new limit were achieved by lowering the radiation

Assuming that the 5-rem-per-year limit is adopted, levels, working times, or both, rather than by using extra
there are three reasons: workers. It is estimated that somethinglike 523 billion would

be spent toward this purpose. Spending $23 billion to save
a. Ilealth risks are already low. 2.6 million person-rems would amount to spending $30 to

590 million to prevent each potential radiation-induced
The estimated health risks associated with current premature cancer death. Society considers this cost unaccept-

average occupational radiation doses (e.g., 0.5 rem /yr for ably high for individual protection.
50 years) are comparable to or less than risk levels in other
occupational areas considered to be among the safest. If a 24. Are there any areas of concern about radiation risks
person were exposed to the maximum of 5 rems per year that might result in changing the NRC dose limits?
for 50 years, which virtually never occurs. he or she might
incur a risk comparable to the average risks in mining and Yes.Three areas of concern to the NRC staff are specifi-
heavy construction. An occasional 5-rem annual dose might cally identified below:
be necessary to allow some jobs to be done without a
significant increase in the collective dose, if the dose limits a. An independent study by Rossiand Maysand other
were lowered significantly, the number of people required biological research have indicated that a given dose of
to complete many jobs would increase. The collective dose neutron radiation may be more likely to cause biological
would then increase since more individuals would be effects than was previously thought. Other recent studies
receiving nonproductive exposure while entering and cast doubt on the issue. The NCRP is currently studying the
leaving the work area and preparing for the job. The total data related to the neutron radiation question and is
number of health effects might go up as the collective dose expected to make recommendations as to whether neutron
increased. dose limits should be changed. Although the scientific

community has not yet come to agreement on this question,
b. The current regulations are considered sound. workers should be advised of the possibility of higher risk

when entering areas where exposure to neutrons will occur.
The regulatory standards for dose limits are based

on the recommendations of the Federal Radiation Council, b. It has been known for some time that rapidly
At the time these standards were developed,about 1960,it growing living tissue is more sensitive to injury from radiation
was considered unlikely that exposure to these levels during than tissue in which the cells are not reproducing rapidly,
a working lifetime would result in clinical evidence of Thus the embryo or fetus is more sensitive to radiation
injury or disease different from that occurring in the injury than an adult. The NCRP recommended in Report
unexposed population. The scientific data base for the No. 39 that special precautions be taken when an occupa-
standards consisted primarily of human experience (x-ray tionally exposed woman could be pregnant in order to
exposures to medical practitioners and patients, ingestion protect the embryo or fetus. In 1975, the NRC issued
of radium by watch dial painters, early effects observed in Regulatory Guide 8.13, " Instruction Concerning Prenatal
Japanese atomic bomb survivors, radon exposures of Radiation Exposure," in which it is recommended that
uranium miners, occupational radiation accidents) involving licensees instruct all workers concerning this special risk.
very large doses delivered at high dose rates. The data base The guide recommends that all workers be advised that the
also included the results of a large number of animal NCRP recommended that the maximum pctmissible dose to
experiments involving high doses and dose rates. The animal the embryo or fetus from occupational exposure of the
experiments were particularly useful in the evaluation of mother should not exceed 0.5 rem for the full 9-month
genetic effects. The observed effects were related to low- pregnancy period. In addition, the guide suggests options
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available to the female employee Lj chooses not to Thus, the average mdividualin the general population
expose her embryo or fetus to this additional risk. receives about 0.2 rem of radiation exposure each year

from sources that are a part of our natural and man made
The United States Department ofIlealth and lluman environment. By the age of 20 years. an individual has

Services is similarly concerned about prenatal exposure accumulated about 4 rems. The most likely target for
from medical x-rays. In 1979 they published proposed reduction of population exposure is medical uses.
guid; lines for physicians concerning abdominal x-rays for
possibly pregnant women.The guidelinesin eifect encourage 26. Why aren't medical exposures considered as part of a
the x-ray staff to make efforts to determine whether a worker's allowed dose 7
female patient is pregnant and to defer x-rays if possible
until after the child is born. Equal doses of medicaland occupational radiation have

equal risks.7 Medical exposure to radiation should be justified
c. Also of special interest is the indication that female for reasons quite different, however, from those nplicable

workers are subject to more risk of cancer incidence than to occupational exposure. A physician prescribing an x-ray
male workers. In terms of all types of cancer except leukemia, should be convinced that the benefit to the patient of the
the BEIR-80 analysis indicates that female workers have resulting medical information justifies the risk associated
a risk of developing radiation induced cancer that is approxi- with the radiation. Each worker must decide on the accept-
mately one and one-half times that for males. This increased ance of occupational radiation risk just as each worker must
risk is primarily due to the incidence of breast and thyroid decide on the acceptability of any other occupational
cancer in women. These types of cancer, however, have a hazard.
high cure rate. Thus the difference between men and
women in cancer mortality is not great. Incidence of For another point of view, ccxisider a worker who receives
radiation-induced leukemia is about the same for both a dose of 2 rems from a series of x-rays or a radioactive
sexes. Female workers should be aware of this difference in medicine in connection with an injury or illness. This dose
the risks of radiation-induced cancer in deciding whether and the implied risk should be justified on medical grounds.
or not to seek work involving exposure to radiation. If the worker had also received a dose of 2 rems on the job,

the combined dose of 4 rems would not incapacitate the
21 How much radiation does the average person who worker. A dose of 4 rems is not especially dangerous and is

does not work in the nuclear industry receive? not large compared to the cumulativelifetime dose. Restrict-
ing the worker from additional job exposure during the

We are all exposed from the moment of conception remainder of the quarter would have no effect one way or
to ionizing radiation from several sources. Our environment, the other on the risk from the 2 rems already received from
and even the human body, contains naturally occurring medical exposure. If the individual worker accepts the risks
radioactive materials that contribute some of the background associated with the x-rays on the basis of the medical
radiation we receive. Cosmic radiation originating in space benefits and the risks associated with job-related exposure
and in the sun contributes additional exposure. The use of on the basis of employment benefits, it would be unfair to
x-rays and radioactive materials in medicine and dentistry restrict the individual from employment in radiation areas
adds considerably to our population exposure. for the remainder of the quarter.

Table 6 shows estimated average individual exposure Some therapeutic medical doses such as those received
in millirems from natural background and other sources. from cobalt-60 treatment can range as high as 6000 rems to

a small part of the body, spread over a period of several
TABLE 6 weeks or months.

U.S. General Population Exposure Estimates (1978)* 27 What is meant by internal exposure?

Average Individual The total radiation dose to the worker is the external
S:urce Dose dose (measured by the film badge and reported as "whole-

(mrem /yr) body dose") plus the dose from internal emitters. The
monitoring of the additional internal dose is difficult.

Nitural background (average in U.S.) 100 Because there is the possibility of internal doses occurring, a
Release of radioactive materialin 5 good air monitoring program should be established when
natural gas, mining, milling, etc. warranted.

Medical (whole-body equivalent) 90
Nuclear weapons (primarily fallout) 5-8' The uptake of radioactive materials by workers is gener-
Nuclear energy 0.28 ally due to breathing contaminated air. Radioactive materials
Consumer products 0.03 may be present as fine dust or gases in the workplace

atmosphere. The surfaces of equipment and workbenches
Total %200 mrem /yr

7" Adapted from a report by the Interagency Task Force on the It is likely that a significarit portion of reported medical x-ray
llealth 1.ffects of Ionizing Radiation pubished by the Department exposure is to parts of the body only. An exposure of 10o mrem to
of litalth. Education, and welfare. the whole body is more significant than a 100-mrem chest x-ray.
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may be c:ntaminatId. Radi active t_arials may a:nter the limit. ICRP recomrus that the internal and externd doses
body by being breithrd in, tiken in with fcod or drink, or should be appropriately added. This recommendation is
being absorbed through the skin, particularly if the skin is currently under study by the staffs of the NRC, the EPA,
broken. and the Occupational Safety and IIcalth Administration

(OSHA).
After entering the body, the radioactive material will

migrate to particular organs or particular parts of the body 30. How is a worker's externalradiation dose determined?
depending on the biochemistry of the material For example,
uranium will tend to deposit in the bones where it will A worker may wear three typesof radiation-measuring
remain for a long time. It is slowly eliminated from the devices. A self-reading pocket dosimeter records the exposure
body, mostly by way of the kidneys. Radium will also tend to incident radiation and can be read out immediately upon
to deposit in the bones. Radioactive iodine will seek out the finishing a job involving external exposure to radiation. A
thyroid glands (located in the neck) and deposit there. film badge or TLD badge records radiation dose, either by

the amount of darkening of the film or by storing energy in
The dose from these internal emitters cannot be mea- the TLD crystal. Both these devices require processing to

sured either by the film badge or by other ordinary dosim- determine the dose but are considered more reliable than
eters carried by the worker. This means that the internal the pocket dosimeter. A worker's official report of dose
radiation dose must be separately monitored using other received is normally based on film or TLD badge readings,
detection methods. which provide a cumulative total and are more accurate.

Internal exposure can be estimated by measuring the 31. What are my options ifIdecide rat to accept the risks
radiation emitted from the body or by measuring the associated with occupational mdiation exposure?
radioactive materials contained in biological samples such as
urine or feces. Dose estimates can also be made if one if the risks from exposure to radiation that may be
knows how much radioactive material is in the air and the expected to occur during your work are unacceptable to
length of time during which the air was breathed. you, you could request a transfer to a job that daes not

involve exposure to radiation. Ilowever, the risks associated
28. How are the limits for internal exposure set? with exposure to radiation that workers, on the average,

actually receive are considered acceptable, compared to
Standards have been established for the maximum other occupational risks, by virtually all the scientific

permissible amount of each radionuclide that may be groups that have studied them. Your employer is probably
aaccumulated in the critical organs of the worker's body, not obligated to guarantee you a transfer if you decide not

to accept an assignment requiring exposure to radiation.
Calculations are made to determine the quantity of

radioactive material that has been taken into the body and
the total dose that would result. Then, based on limits You also have the option of seeking other employment
established for particular body organs similar to 1% rems in a nonradiation c'ccupation, llowever, the studies that
in a calendar quarter for whole-body exposure, the regula- have compared occapational risks in the nuclear industry to
tions specify maximum permissible concentrations of radio- those in other job areas indicate that nuclear work is
active material in the air to which a worker can be exposed relatively safe. Thus, you will not necessarily find signif-
for 40 hours per week over 13 weeks or I calendar quarter. icantly lower risks in anotherjob.
The regulations also require that efforts be made to keep
internal exposure ALARA. A third option would be to practice the most effective

work procedures so as to keep your exposure ALARA. Be
Internal exposure is controlled by limiting the release of aware that reducing time of exposure, maintaining distance

radioactive material into the air and by carefully monitoring from radiation sources, and using shielding can all lower
the work area for airborne radioactivity and surface con- your exposure. Plan radiation jobs carefully to increase
tamination. Protective clothing and respiratory (breathing) efficiency while in the radiation area. Learn the most
protection should be used whenever the possibility of effective methods of using protective clothing to avoid
contact with loose radioactive material cannot be prevented. contamination. Discuss your job with the radiation protec-

tion personnel who can suggest additional ways to reduce
29. Is the dose a person received from internal exposure your exposure.

added to that receivedfrom external exposure?
32. Where ces Iget additionalirfornxttion on mdiation risk?

Exposure to radiation that results from radioactive
materials taken into the body is measured, recorded, and The following list suggests sources of usefulinforma-
reported to the worker separately from external dose. The tion on radiation risk:
internal dose to the whole body or to specific organs does
not at this time count against the 3 rem-per-calendar-quarter a. Your Employer

scritical organ refers to those parts of the body vulnerable to radia- The radiation protection or health physics officetson damage such as bone, lungs, thyroid, and other systems where
certain radioactive materials wdl concentrate if taken into the body. in the facility where you are employed.
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VALUE/ IMPACT STATEMENT

I. PR0!OSED ACTION from the availability of an NRC guide on radiation risk
suitable for inclusion in those training programs. The guide

1.1 Description was reviewed and distributed to agreement states by the
Office of State Programs. Comments have been received

All NRC licensees are required to provide appropriate radia- from the EPA and the Bureau of Radiological llealth.
tion protection training for all permanent and transient person-
nel who work in restricted areas ( 19.12 of 10 CFR Part 19). 1.3.3 Industry
A clear and reasonable assessment of the biologicat risksasso-
ciated with occupational radiation exposure is essential to Providing a reasonable and understandable statement on
affective radiation protection training.The proposed action is worker risk should facilitate industry efforts to provide
to provide instructional materialin a suitable form describing effective safety training and to better achieve as low as is
and es*imating the risks from exposure to radiation. The reasonably achievable ( ALAR A) objectives. Minimal impact
instructional material will be suitable for use in licensee is expected in the form of additional cost of training
training programs and will represent an acceptable method of programs since training requirements already exist. Comments
c:mplying with part of the existing training requirements. from unions and industry in the development ofinstructional

material on risk were encouraged. Numerous public comment
1.2 Need for Proposed Action letters were received from industry and three meetings were

held with worker groups to review the draft guide.
One common element of those occupational areas encom-

passed by NRClicensing activity is worker exposure to ionizing 1.3.4 Workers
radiation and the biological risks from exposure. Union repre-
sentatives have expressed a dissatisfaction with the way in The proposed action should improve worker protection
which these risks have been explained to the worker by the in that reasonable understanding of radiation riskisessential
licensee. In addition, they feel the NRC hasa responsibility to the development of safe working practices. The staff
t) make its position on the controversial issue of radiation believes that an objective discussion of radiation risk may in
risk clear to the worker and the public. A meeting of NRC fact reduce "over concern" and also eliminate "under
stiff and union representatives was held on November 28, concern" on the part of some workers. If improved train'ing
1978, during which this matter was discussed. A transcript results in a wider recognition and respect for radiation as

' cf the meeting is available from the Public Document Room. an industrial hazard, more attention will be given to protective
procedures and a reduction in individual and collective dose

The Environmenta! Protection Agency (EPA) has should result.
published recommendations concerning radiation protection
f:r public comment and, in conjunction with other govern- 1.3.5 Public
ment agencies, will be holding public hearings on radiation
risk cnd dose limits. Thisguide reflects current and proposed Nuclear workers are also members of the public and are
EPA guidance and will be helpful to workers and worker generally residents of the area where facilities are located.
gr;ups interested in understanding current discussion on llaving a better-informed public should result in a wider
the issues of risk and dose limits. range of participation in local decisionmaking concerning

nuclear development. Improved training implies the added
1.3 Value/ Impact of Proposed Action benefit of increased plant safety, thereby decreasing the

probability of accidents that could involve the public.
l.3.1 NRC0perations

1.3.6 Decision on Proposed Action
Instructional material on radiation risk written at a level

and scope understandable to the worker should contribute The NRC should develop and provide instructional
13 increased confidence, on the part of the worker, in the material concerning risk from occupational radiation
NRC in general. A better understanding of the risk should ex posure.
clicit more worker cooperation with NRC-enforced safety
programs. Impacts of the development of instructional 2. TECilNICAL APPROACil
material on risk include task completion manpower cost,
estimated to be 0.2 person year, and printing costs of The technical approach proposed is to develop instruc-

. approximately $400.00. tional material concerning risks to the worker from occupa-
tional radiation exposure and to publish the material in a

1.3.2 Other Government Agencies form that will receive the widest dissemination among
NRC-licensed facilities. An alternative is to publish the

Agreement States whose licensing regulations include findings of the proposed hearing on dose limits and assume
radiation protection training requirements may benefit the relevant information will filter down to the worker. It is
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tha feeling of the staff that a dire . , proach is requirld 3.2 Dccision cn Pro r.1 Apprech
here.

The staff concludes that a regulatory guide similar to
3. PROCEDURAL APPROACII Regulatory Guide 8.13 on the subject of worker instruction

concerning risks from occupational radiation exposure
The proposed action, to publish training material concern- should be published at this time.

ing risks from occupational radiation exposure, the use of
which would be recommended to all licensees, could be 4. STATUTORY CONSIDERATIONS
accomplished by several alternative methods. These include
an NRC regulation requiring that specific training materials 4.1 NRC Regulatory Authority
be used, a regulatory guide based on the existing Qi9.12
that would provide an acceptable method for training on Section 19.12 of 10 CFR Part 19 establishes a legal
risks, an ANSI standard on training that could be adopted requirement that all NRC licensees provide radiation
by a regulatory guide, and a NUREG report or a branch protection training to personnel and that the training be
position paper. commensurate with the potential risks from radiation

exposure encountered by those personnel. The NRC is thus
3.1 Value/ impact of Procedural Alternatives authorized to provide criteria for acceptable levels of

training and to inspect for compliance with training require-
An NRCregulation establishesgenerallegalrequirements, men ts.

is costly and time consuming to prepare, and is not an
appropriate vehicle for the specific and narrow objective 4.2 Need for NEPA Statement
proposed here. A regulation would be difficult to modify
as new information on radiation risk is developed. One The action proposed here is to publish an instructional
advantage is that a regulation legally requires compliance. document on risks. This will occur after, and be in addition

'In general, this approach is not considered cost effective in to, any major NRC action on retaining or modifying
view of the objectives of the proposed action. existing dose limits, based on planned public hearings.

Since at that time it would not constitute a major addition
ANSI standards are generally intended as highly technical or change and would entail no effect on the environment,

and advanced treatments of specialized areas of concern to an environmental impact statement is not considered
industry. A comprehensive technical review of risks from necessary.

radiation would be of value but would not be suitable as
instructional material at an introductory level for worker 5. RELATIONSIIIP TO OTHER EXISTING OR PROPOSED
radiation protection training. Completion of an ANSI REGULATIONS OR POLICIES
standard and an eidorsing regulatory guide would require
several years and would be too costly. This approach is not Regulatory Guide 1.70, " Standard Format and Content
considered cost effective in view of the proposed objectives. of Safety Analysis Reports for Nuclear Power Plants,"

requires a commitment to appropriate radiation protection
A NUREC document would be an appropriate vehicle training. When next revised, it should include reference to

for a comprehensive discussion of radiation risk beyond the this proposed action as an acceptable element of a licensee's
scope of what is proposed here. A regulatory position, training program.
however. is not established through publication of a NUREG
report. Since this proposal includes establishing an accept- This proposed guide is consistent with Regulatory
able method for compliance with elements of required Guide 8.8,"Information Relevant to Ensuring That Occupa-
training programs, a NUREG report is not suitable. tional Exposures at Nuclear Power Stations Will Be As Low

As is Reasonably Achievable."When next revised, Regulatory
Branch position statements are intended as interim Guide 8.8 should include cross-reference to this proposed

measures to be used when an immediate response is required. action.
They are usually superseded when a more permanent mode
of guidance is developed. This proposed action directly supplements Regulatory

Guide 8.27 and will supplement and be referenced in other
A regulatory guide can be prepared at reasonable cost planned guides on training at other types of licensed facil-

within a reasonable time period. The staff does not consider _ities,,e,g., uranium fuel fabrication plants, uranium mills,
that revision of any existing regulatory guides could provide medical institutions.
the instructicnal rnaterial intended here. Regulatory guides on
training requirements are being developed but are specific to 6. SUMMARY AND CONCLUSIONS
types of licensees such as Regulatory Guide 8.27," Radiation
Protection Training for Personnel at Light Water-Cooled in summary, it is proposed that this regulatory guide be
Nuclear Power Plants."The action proposed here has broad prepared and issued for the purpose of providing instruc-
application to all licensees, as does Regulatory Guide 8.13, tional material concerning assessment of risk from occupa-
" Instruction Concerning Prenatal Radiation Exposure." tional radiation exposure. q

8.29-17

d



SE1WEEh: William 0.MiCr, Chief O
License Fee Mar.:gement Branch
Office of Administration J

John E. Glenn, Chief
Nuclear Materials Section B
Division cf Engineering and ,

Technical Programs

LICENSE FEE TRANSMITTAL

A. REGION

1. APPLICATION ATTACHED

Cefnhzd IimikeCI 9mrkomhpApplicant / Licensee:

Application Dated: RfM [E
o e

Control No.: 03877
License No.: kewl

2 FEE ATTACHED
.

Amount: FTO .Cf 3
Check No.: )MLl

"

3. COMMENTS

Signed h %rnhokDNN -

Date <3 90fB5
I o

B. LICENSE FEE MANAGEMENT BRANCH

1. Fee Category and Amount: / ') O P 3 ///
',

( 2. Correct Fee Paid. Application may be processed for:

| Amendment

Renewal
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